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SPIN INJECTION WRITE TYPE MAGNETIC
MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from prior Japanese Patent Application No. 2006-
057898, filed Mar. 3, 2006, the entire contents of which are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to the spin-injection write
type magnetic memory device; for example, to the structure
of a memory cell array.

2. Description of the Related Art

A magnetic random access memory (MRAM) uses a mag-
netoresistance effect element as a memory cell. The magne-
toresistance effect element includes a free layer (recording
layer) having a free magnetization (spin) direction, and a
pinned layer having a fixed magnetization direction. The
magnetoresistance effect element further includes a nonmag-
netic layer, which is interposed between the two layers. When
the magnetization direction of the free layer is parallel with
that of the pinned layer, the element exhibits the low resis-
tance. On the other hand, when the magnetization direction of
the free layer 1s antiparallel with that of the pinned layer, the
clement exhibits the higher resistance. The difference of the
resistance 1s used to record information.

To read information, a read current 1s carried into the mag-
netoresistance effect element and a current or voltage value
which depends on the resistance state of the magnetoresis-
tance effect element 1s compared with a reference value to
determine the resistance state. To write information, current 1s
carried through two write lines which are orthogonally cross
at amemory cell to generate a magnetic field and the magnetic
fiecld switches the magnetization of the free layer. The
memory cells are arrayed to configure a memory cell array.

With the scale-down of the magnetic memory device, the
distance between components such as write lines and mag-
netoresistance effect elements 1s narrowed. For this reason, 1in
the magnetic memory device using the magnetic field for
writing, the magnetic field from the write line carrying a write
current 1s highly possible to unintentionally write data 1n a
memory cell which lies near the write line and 1s not a write
target. This tendency more remarkably appears with the
scale-down.

Moreover, the magnetic field write method requires a large
current to generate a magnetic filed large enough for writing.
This makes 1t hard to reduce power consumption.

On the contrary, spin-injection write (magnetization
switching) has attracted interests (see U.S. Pat. No. 5,693,
864). This write method imnvolves carrying a current which 1s
spin-polarized by a magnetic moment of a pinned layer to a
free layer ol a magnetoresistance eil

ect element to change its
magnetization direction to write data 1n accordance with the
current direction. According to the method, a direct action 1s
given to nano-scale magnetic materials as compared with the
magnetic field write. Therefore, unintentional write 1nto
neighboring memory cells can be avoided, and high-speed
magnetization switching can be expected. Moreover, using,
this write method, the write current 1s reduced by scaling
down the memory cell.

The spin-injection write method requires bi-directional
write current carried into the magnetoresistance eflect ele-
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ment 1 accordance with written information. Due to this
requirement, attention must be given to avoid the uninten-
tional write 1into unselected memory cells and write speed
decrease resulting from charge/discharge of the parasitic
capacity of the write line. Moreover, the spin-injection write
method does not require the magnetoresistance elfect ele-
ment to be held between two write lines, unlike the magnetic
field write method. Therefore, the connection and the posi-
tional relationship between memory cells and interconnects
used 1n the magnetic filed write method should not be appli-
cable to the spin-injection write method.

Arrangement of memory cells and interconnects which can
realize the spin-injection write method 1s insuificient. In addi-
tion, high integration needs to be realized.

BRIEF SUMMARY OF THE INVENTION

According to an aspect of the present invention, there 1s
provided a spin injection write type magnetic memory device
comprising: memory cells having a magnetoresistance effect
clement and a select transistor, the magnetoresistance effect
clement having one end connected to a first node, the select
transistor having a first diffusion area connected to another
end of the magnetoresistance effect element and a second
diffusion area connected to a second node; a select line
extending along a first direction and connected to a gate
electrode of the select transistor; a first interconnect extend-
ing along a second direction and connected to the first node;
and a second interconnect extending along the second direc-
tion and connected to the second node, wherein two of the
memory cells adjacent along the first direction share the first
node, two of the memory cells adjacent along the second
direction share the second node.

According to an aspect of the present invention, there 1s
provided a spin injection write type magnetic memory device
comprising: a semiconductor substrate; a first gate electrode
provided on a gate msulating film provided on the semicon-
ductor substrate, and extending along a first direction; a first
diffusion area and a second diffusion area formed on a surface
of the semiconductor substrate and sandwiching the first gate
clectrode; a first plug provided on the first diffusion area; a
second plug provided on the second diffusion area; a first
magnetoresistance element provided on the second plug; a
second gate electrode provided on a gate msulating film pro-
vided on the semiconductor substrate, and extending in par-
allel with the first gate electrode; a third diffusion area and a
fourth diffusion area formed on the surface of the semicon-
ductor substrate and sandwiching the second gate electrode,
the first and second gate electrode sandwiching the second
and fourth diffusion areas; a third plug provided on the third
diffusion area; a fourth plug provided on the fourth diffusion
area; a second magnetoresistance elfect element provided on
the fourth plug; a first interconnect connected to upper sur-
faces of the first and third plugs; and a second 1nterconnect

connected to upper surfaces of the first and second magne-
toresistance effect elements.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s a circuit block diagram of a magnetic memory
device according to a first embodiment;

FIG. 2 shows a cross-section ol a magnetoresistance effect
element;

FIG. 3 shows a block diagram of a current source/sink
circuit;
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FIG. 4 shows a top plan view of a memory cell array
according to the first embodiment;

FI1G. 5to FIG. 7 show top plan views of part of the memory
cell array according to the first embodiment;

FIG. 8 shows a perspective view of the memory cell array
according to the first embodiment;

FIG. 9 shows a perspective view of a memory cell array
according to a first modification of the first embodiment;

FIG. 10 and FIG. 11 show top plan views of part of a
memory cell array according to a second modification of the
first embodiment;

FIG. 12 shows a perspective view of the memory cell array
according to the second modification of the first embodiment;

FIG. 13 shows a perspective view of a memory cell array
according to a third modification of the first embodiment;

FIG. 14 shows a top plan view of the memory cell array
according to a second embodiment;

FIG. 15 shows a top plan view of the memory cell array
according to a third embodiment;

FIG. 16 shows a top plan view of the memory cell array
according to a fourth embodiment;

FIG. 17 shows a circuit block diagram of a magnetic
memory device according to a fifth embodiment;

FIG. 18 shows a top plan view of a memory cell array
according to the fifth embodiment;

FI1G. 19 shows a perspective view of the memory cell array
according to the fifth embodiment;

FI1G. 20 to FI1G. 23 show block diagrams of a circuit layout
ol a magnetic memory device according to a sixth embodi-
ment;

FIG. 24 and FIG. 25 shows top plan views of part of a
memory cell array according to a fourth modification of the
first embodiment;:

FI1G. 26 shows a perspective view of the memory cell array
according to the fourth modification of the first embodiment;
and

FIG. 27 to FIG. 29 shows a top plan view of another
memory cell array of the third embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Various embodiments of the present invention will be
described below with reference to the accompanying draw-
ings. In the following description, the same reference numer-
als are given to components having the identical function and
structure. The explanation 1s repeated 11 necessary.

First Embodiment

A magnetic memory device according to a first embodi-
ment will be hereinafter explained with reference to FIG. 1 to
FIG. 13. FIG. 1 shows a circuit block diagram of a magnetic
memory device according to a first embodiment. As shown in
FIG. 1, memory cells 1 are arrayed. A memory cell array 2 1s
composed of memory cells 1. The memory cells 1 each com-
prises a serially connected magnetoresistance elffect element
3 and a select transistor 4.

The magnetoresistance effect element 3 has a structure
capable of taking two stable states by a spin 1injection write.
More specifically, the magnetoresistance effect element 3
includes pinned layer 103, imntermediate layer 102 and free
layer (recording layer) 101, which are successively stacked,
as seen from FIG. 2. The pinned layer 103 1s formed of a
ferromagnetic material, the intermediate layer 102 1s formed
of anonmagnetic material, and the free layer 101 1s formed of
a ferromagnetic material.
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The free layer 101 and/or the pinned layer 103 may have a
stacked structure comprising more than one sub-layers. The
magnetization of the pinned layer 103 1s fixed 1n one direc-
tion. This fixation can be performed by providing an antifer-
romagnetic layer 104 on the surface of the pinned layer 103
opposite to a nonmagnetic layer, for example.

On the contrary, no fixing mechanism 1s posed on the
magnetization direction of the free layer 101. Therefore, the
magnetization direction of the free layer 101 can change.

The intermediate layer 102 requires a predetermined thick-
ness to provide distance between the pinned layer 103 and the
free layer 101 much enough to decrease the direct interaction
between them to a negligible level. The intermediate layer
102 also needs to be thinner than the diffusion length to
prevent the spin direction of conduction electrons which have
passed through the pinned layer 103 from changing before
they reach the free layer 101 when current 1s carried to the
magnetoresistance elfect element 3. Non-magnetic metal,
nonmagnetic semiconductor and 1nsulating film can be used
as the intermediate layer 102.

Moreover, the surface of the free layer 101 opposite to the
nonmagnetic layer 102 may be provided with an electrode
105. The surface of the pinned layer 103 opposite to the
antiferromagnetic layer 104 may be provided with an elec-
trode 106.

An electron flow 1s carried from the pinned layer 103
toward the free layer 101 1n order to turn around the magne-
tization of the free layer 101 {from antiparallel state with that
of the pinned layer 103 to parallel state with that of the pinned
layer 103. In general, most of electron flow having passed
through a magnetic material has a spin parallel with the mag-
netization direction of the material. Therefore, most of elec-
tron flow having passed through the pinned layer 103 has a
spin parallel with the magnetization direction of it. The elec-
tron flow mainly contributes to a torque acting on the mag-
netization of the free layer 101. The remaining electron flow
has a spin antiparallel with the magnetization direction of the
pinned layer 103.

On the other hand, an electron flow 1s carried from the free
layer 101 toward the pinned layer 103 in order to turn around
the magnetization direction of the free layer 101 from parallel
state with that of the pinned layer 103 to antiparallel state with
that of the pinned layer 13. The electron flow passes through
the free layer 101. Then, most of the electrons having a spin
antiparallel with the magnetization direction of the pinned
layer 103 are reflected by the pinned layer 103 and returned to
the free layer 101. The electron again flows to the free layer
101, and electrons having a spin antiparallel with the magne-
tization direction of the pinned layer 103 mainly contribute to
a torque acting on the magnetization of the free layer 101. Part
of electrons having passed through the free layer 101 and
having a spin antiparallel with the magnetization direction of
the pinned layer 103 pass through the pinned layer 103
although they are few.

Co, Fe N1 or alloy containing those, for example, can be
used as the ferromagnetic material used for the free layer 101
and the pinned layer 103. Fe—Mn, Pt—Mn, Pt—Cr—Mn,
N1—Mn, Pd—Mn, N10, Fe20O3 and magnetic semiconduc-
tors can be used as the antiferromagnetic layer 104.

When nonmagnetic metal 1s used as the intermediate layer
102, any of Au, Cu, Cr, Zn, Ga, Nb, Mo, Ru, Pd, Ag, Hf, Ta,
W, Pt and B1 or alloy containing any one more of those can be
used. When the mtermediate layer 102 1s used to function as
a tunnel barrier layer, Al1203, S102, MgO and AIN can be
used.

As shown 1n FIG. 1, two interconnects 11 and 12 extend
adjacent to each other along the horizontal direction. The
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interconnects 11 and 12 form an interconnect pair. Several
interconnect pairs are provided along the vertical direction on

the paper of FIG. 1.

Memory cells 1 are connected between the interconnects
11 and 12 forming the iterconnect pair. The memory cell 1
has one end on the side of the magnetoresistance etflect ele-
ment 3 connected to the mterconnect 11. The memory cell 1
has the other end on the side of the select transistor 4 con-
nected to the interconnect 12. Therefore, 1n order to select one
memory cell, a pair of interconnect pair must be specified.

The gate electrode of the select transistor 4 1s connected to
a gate electrode of another select transistor 4 connected to
another interconnect pair via a select line 13. The select line
13 1s connected to a row decoder 18. The row decoder 18 1s
supplied with an address signal to activate the select line 13 1n
accordance with the address signal to select arow specified by
the address signal.

One end of each interconnect 11 1s connected to a common
line 15 via a pass transistor 14. One terminal of each inter-
connect 12 1s connected to a common line 17 via a pass
transistor 16.

Each gate of the pass transistors 14 and 16 1s connected to
a column decoder 21. The column decoder 21 1s supplied with
an address signal. As mentioned, a pair of the interconnect
pairs must be specified 1n order to select one column. Thus,
when the column corresponding to the address signal 1s
selected, the column decoder 21 turns on pass transistors 14
and 16 connected to the paired iterconnects 11 and 12.

The common lines 15 and 17 are connected to a current
source/sink 22. The current source/sink 22 1s supplied with a
control signal, and supplies a current to one of the common
lines 15 and 17 1n accordance with the control signal while
drawing the current from the other thereof.

The current source/sink 22 has a configuration shown in
FIG. 3. As seen from FIG. 3, a current source/sink 24 1s
connected to each of the common lines 15 and 17. The current
source/sink 24 1s composed of constant current source 25
connected 1n series between power supply voltage terminal
and ground terminal, and switch circuits 26 and 27 such as
transistor. The connection nodes of the switch circuits 26 and
2’7 are connected to the common lines 15 and 17, respectively.

When the current source/sink 24 functions as a current
source, the switch circuit 26 1s turned on by the control signal.
On the other hand, when the current source/sink 24 functions
as a current sink, the switch circuit 27 1s turned on by the
control signal.

Asillustrated in FIG. 1, the common line 17 1s connected to
a readout circuit 23. The readout circuit 23 may be connected
to the common line 15. The readout circuit 23 includes a sense
amplifier circuit and so on.

In a write operation, one current path 1s formed by the
paired turned-on pass transistors 14, 16, and the select tran-
sistor 4 connected to one row select line 13 activated 1n
accordance with the address signal. The magnetoresistance
cifect element 3 (selected magnetoresistance etiect element)
in the current path 1s supplied with a write current. By doing
so, data 1s written to the selected magnetoresistance effect
clement 3.

Which one of the common lines 15 and 17 1s connected to

the current source circuit and to the current sink circuit is
decided by the write data.

In a readout operation, the magnetoresistance effect ele-
ment 3 specified like the write operation 1s supplied with a
readout current small enough to avoid magnetization switch-
ing. The readout circuit 23 compares a current or voltage
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value which depends on the resistance state of the magnetore-
sistance effect element 3 with a reference value to determine
the resistance state.

The structure of the magnetic memory device according to
the first embodiment will be descried below with reference to
FIG. 4 to FIG. 8. F1G. 4 shows a top plan view of the memory
cell array of the first embodiment. FIG. 5 shows a top plan
view ol a semiconductor device between a substrate and a
plug. FIG. 6 shows a top plan view between an interconnect at
the first level and magnetoresistance eifect elements. FIG. 7
shows a top plan view up to an interconnect at the second
level. FIG. 8 shows a perspective view of the memory cell
array of the first embodiment.

As shown 1n FIG. 4 to FIG. 8, gate electrodes 32a to 324
(referred to as gate electrode 32 when separate designation 1s
unnecessary) are provided above the surface of a semicon-
ductor substrate 31. Each gate electrode 32 1s provided on a
gate msulating film 33 which lies on the surface of a semi-
conductor substrate 31. Gate electrodes 32a to 32d are
arrayed at intervals each other along the vertical direction of
FIG. 4 to FIG. 7. Gate electrodes 32a to 32d constitute one
unit, and several units are periodically provided along the
horizontal direction of the drawings.

As seen from the drawings, more than one unit basic struc-
tures are provided along the horizontal direction. FIG. 4 to
FIG. 7 each shows part of the unit basic structures 34a and
34H (referred to as unit basic structure 34 when separate
designation 1s unnecessary). FIG. 8 shows part of the unit
basic structure 34.

Each unit basic structure 34 has the same structure. Each
unit basic structure 34 includes element regions 36a, 365,
source/drain diffusion area 41a to 41f, plugs 42a, 42e, 43a,
43¢, 43d, 43/, interconnects 11 and 12.

An eclement region 36a defined by an 1solation 1nsulting
film 35 1s formed from the region between gate electrodes
324, 32a to the region between gate electrodes 325, 32¢. An
clement region 365 defined by the 1solation 1nsulting film 35
1s formed from the region between gate electrodes 325, 32¢ to
the region between gate electrodes 32d, 32a. Hereinafter, the
clement regions 36a and 365 are referred to as element region
36 when separate designation 1S unnecessary.

The element regions 36a and 365 are mutually separated 1n
the vertical direction of the drawings. The upper side of the
clement region 36a faces one element region 365 between
gate electrodes 366 and 36¢. The upper side of the element
region 36a faces another element region 365 between gate
clectrodes 364 and 36a. A pair of elementregions 36a and 365
thus arranged 1s used as one unit, and more than one units are
periodically provided along the horizontal direction of the
drawings. A group of element regions 36a and 365 provided
according to the arrangement rule belongs to one unit basic
structure 34.

The lower side of the element region 36a faces an element
region 366 belonging to another unit basic structure 34
between gate electrodes 326 and 32c¢. The lower side of the
clement region 36a faces an element region 365 belonging to
another unit basic structure 34 between gate electrodes 324
and 32a.

Source/drain diffusion areas 41a to 41c¢ are respectively
provided between gate electrodes 324 and 324, between gate
clectrodes 32a and 3256 and between electrodes gate elec-
trodes 325 and 32c¢ on the surface of the semiconductor sub-
strate 1n the element region 36a.

Source/drain diffusion areas 41d to 41f are respectively
provided between gate electrodes 325 and 32¢, between gate
clectrodes 32¢ and 324 and between electrodes gate elec-
trodes 324 and 32a on the surface of the semiconductor sub-
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strate 1n the element region 365. The gate electrodes 32 and a
pair of source/drain diffusion areas 41 on both side of 1t form
the select transistors 4.

Plugs 4256 and 42¢ are formed on the source/drain diffusion
areas 415 and 41e, respectively. The interconnect 11 1s pro-
vided above the semiconductor substrate 31. The intercon-
nect 11 has a straight part extending a region between plugs
41a and 41f and a region between plugs 41¢ and 414, and
projected parts 115 and 11e. The projected parts 115 and 11e
are positioned above plugs 425 and 42¢, and connected to the
upper surfaces of the plugs 4256 and 42¢, respectively.

Plugs 43a, 43¢, 43d and 43f are respectively formed on
source/drain diffusion areas 41a, 41¢, 414 and 41/, and con-
nected to them. Magneto-resistance effect elements 3a, 3¢, 3d
and 31 are respectively provided on plugs 434, 43¢, 434 and
437, and connected to them.

The mterconnect 12 lies above, typically right above the
interconnect 11, along the mterconnect 11. The interconnect
12 has a straight part above the interconnect 11, projected
parts 12a, 12¢, 12d and 12f. The projected parts 12a, 12¢, 124
and 12f lie above magnetoresistance effect elements 3a, 3c,
3d and 3/, contact with the upper surface of these elements 3a,
3c, 3d and 3f, respectively.

More than one unit basic structures 34 as mentioned are
arrayed 1n the extending direction of the gate electrode 32,
and thereby, the memory cell array 2 1s formed.

The memory cell array may also have a structure shown in
FIG. 9. FIG. 9 shows a perspective view of a memory cell
array according to a first modification of the first embodi-
ment. As shown 1 FIG. 9, an mterconnect 12 has a straight
part extending above magnetoresistance effect elements 3a
and 3¢, projected parts 124 and 12f respectively overlying
magnetoresistance effect elements 34 and 3/. The 1ntercon-
nect 12 may also have a straight part extending above mag-
netoresistance effect elements 34 and 3/, projected parts 12d
and 12f overlying magnetoresistance eflect elements 3aq and
3c.

The memory cell array may also have a structure shown in
FIG. 10 to FIG. 12. FIG. 10 shows a top plan view up to an
interconnect at the first level and magnetoresistance etfect
clement of a memory cell array according to a second modi-
fication of the first embodiment. FIG. 11 shows a top plan
view up to a interconnect of the memory cell array according
to a second modification of the first embodiment. FIG. 12
shows a perspective view ol the memory cell array according
to the second modification of the first embodiment. The posi-
tional structure corresponding to FIG. 8 remains the same as
the first embodiment.

As 1llustrated as FI1G. 10 to FIG. 12, a magnetoresistance
cifect element 3 has a width larger than a plug 43. The inter-
connect 12 covers all magnetoresistance eifect elements 3 of
unit basic structures 34a and 345 to which the interconnect 12
belongs and regions between these elements 3. As described
above, the mterconnect 12 1s widened 1n its width, thereby
reducing a resistance value of the interconnect 12.

The memory cell array may also have a structure shown in
FIG. 13. FIG. 13 shows a perspective view of memory cell
array according to a third modification of the first embodi-
ment. As depicted 1 FIG. 13, the interconnect 12 1s inter-
posed between a semiconductor substrate 31 and the inter-
connect 11. For the structure, a plug 42 1s higher than a plug
43.

The memory cell array may also have a structure shown in
FIG. 24 to FIG. 26. FIG. 24 shows a top plan view from a
semiconductor substrate up to an interconnect at the first level
and magnetoresistance etlect element of a memory cell array
according to a fourth modification of the first embodiment.
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FIG. 25 shows a top plan view up to an interconnect at the
second level. FIG. 26 shows a perspective view of the
memory cell array according to the fourth modification of the
first embodiment. The fourth modification has the same struc-
ture from the semiconductor substrate to plugs as FIG. 4. An

interconnect 12 1s interposed between the semiconductor sub-
strate 31 and the interconnect 11 1n the fourth modification,
like the third modification.

As seen from FIG. 24 and FIG. 26, the interconnect 12 has
a line shape which lies to cover the magnetoresistance elfect
clements 3 and bent to avoid plugs 42. Specifically, the inter-
connect 12 extends along the gate electrode 32 on magnetore-
sistance effect elements 3¢ and 3/ and extends along the
direction crossing the gate electrode 32 (typically, perpen-
dicular direction) to overlie magnetoresistance ellect ele-
ments 37 and 3d. Moreover, the interconnect 12 extends along
the gate electrode 32 on magnetoresistance effect elements 3d
and 3¢ and extends along the direction crossing the gate
clectrode 32 (typically, perpendicular direction) to overlie
magnetoresistance eflect elements 3¢ and 3a.

As seen from FIG. 25 and FIG. 26, the interconnect 11 has
a line which lies to cover the plugs 42 and magnetoresistance
elfect elements 3. Specifically, the interconnect 11 extends
along the direction crossing the gate electrode 32 (typically,
perpendicular direction) above the magnetoresistance effect
clements 3a and 3¢ and on the plug 425. The mterconnect 11
extends along the gate electrode 32 above magnetoresistance
cifect elements 3¢ and 34. The interconnect 11 extends along
the direction crossing the gate electrode 32 (typically, perpen-
dicular direction) above the magnetoresistance eifect ele-
ments 34 and 3/ and on the plug 42¢. The interconnect 11
extends along the gate electrode 32 above magnetoresistance
elfect elements 3/ and 3a.

In the magnetic memory device according to the first
embodiment, the distance between interconnects 11 and
between interconnects 12 are wide as seen from FIG. 4. In a
typical structure to realize spin 1njection write method, which
requires two type mterconnects, each first interconnect lies
right above horizontally-aligned ones of matrix-arrayed mag-
netoresistance effect elements and 1s connected to the corre-
sponding ones, and each second interconnect lies below and
between two first interconnects and 1s connected to the
source/drain regions of select transistors.

However, the structure makes the pitch between adjacent
two {irst interconnects and between the adjacent two second
interconnects narrow. It 1s expected that the narrow pitch
prevent successiul placement of pass transistors when the
minimum rule 1s employed. Solving the problem may require
widening the pitches between interconnects, which prevents
high integration of the magnetic memory device.

On the contrary, the first embodiment can provide wide
pitches between two adjacent interconnects 11 and between
two adjacent interconnects 12 and easily arrange pass tran-
sistors 14 and 16 while keeping high integration of the mag-
netic memory device. Therelfore, the first embodiment can
provide a spin injection write type magnetic memory device
realizing high integration.

Second Embodiment

The second embodiment differs from the first embodiment
in arrangement of the unit basic structure 34b.

FIG. 14 shows a top plan view of part ol a memory cell
array according to a second embodiment. As shown in FIG.
14, the structure of each feature 1n the unit basic structure 3456
remains the same but the positional relationship between
source/drain diffusion area 41 and gate electrode 32 differs
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from the first embodiment. In other words, position of source/
drain diffusion areas 41a to 411 of the unmit basic structure 345
are shifted to inter-gate electrode area, which 1s area between
gate electrodes 32, for one mter-gate electrode area from the
first embodiment to the left.

Specifically, source/drain diffusion areas 41f and 41a are
formed between gate electrodes 32a and 325. A source/drain
diffusion area 415 1s formed between gate electrodes 325 and
32¢. Source/drain diffusion areas 41c¢ and 41d are formed
between gate electrodes 32¢ and 32d. A source/drain diffu-
sion area 41e 1s formed between gate electrodes 324 and 32a.

Plugs 43a, 42b, 43¢, 43d, 42¢ and 43/, magnetoresistance
cifect elements 3a to 3/, projected parts 12q, 115, 12¢, 124,
11e and 12/ of interconnects 11, 12 are formed above source/
drain diffusion areas 41a to 41/, respectively, like the first
embodiment. The unit basic structure 34a 1s the same as the
first embodiment.

The second embodiment brings the same effect as the first
embodiment.

Third Embodiment

The third embodiment ditfers from the first embodiment in
arrangement of the unit basic structure 345.

FIG. 15 shows a top plan view of part of a memory cell
array according to a third embodiment. As shown in FIG. 15,
the structure of each feature in the unit basic structure 345
remains the same but the positional relationship between
source/drain diffusion area 41 and gate electrode 32 differs
trom the first embodiment. In other words, position of source/
drain diffusion areas 41a to 411 of the unit basic structure 3456
are shifted to inter-gate electrode area for two inter-gate elec-
trode area from the first embodiment to the left. Therefore,
unit basic structures 346 and 34a are symmetry with respect
to the interconnect 11.

Specifically, source/drain diffusion areas 41f and 41a are
tformed between gate electrodes 325 and 32¢. A source/drain
diffusion area 415 1s formed between gate electrodes 32¢ and
32d. Source/drain diffusion areas 41¢ and 41d are formed
between gate electrodes 324 and 32a. A source/drain diffu-
s1on area 41e 1s formed between gate electrodes 32a and 325b.

Plugs 43a, 425, 43¢, 43d, 42¢ and 43/, magnetoresistance
cifect elements 3a to 3/, projected parts 12q, 115, 12¢, 124,
11e and 12/ of interconnects 11, 12 are formed above source/
drain diffusion areas 41a to 41/, respectively, like the first
embodiment. The unit basic structure 34q 1s the same as the
first embodiment.

Description will be given on the application of the fourth
modification of the first embodiment on the third embodi-
ment. FIG. 27 to FIG. 29 shows a top plan view of another
memory cell array according to the third embodiment. FIG.
27 shows a top plan view from a semiconductor substrate to
plugs. FI1G. 28 shows a top plan view up to the interconnect at
the first level and magnetoresistance effect element. FIG. 29
shows a top plan view of the interconnect of the second level.

As 1llustrated in FIG. 27 to FIG. 29, the unit basic structure
34b has the same as FIG. 15. Specifically, source/drain ditiu-
sion areas 411 and 41a are formed between gate electrodes
32H and 32c¢. A source/drain diffusion area 415 1s formed
between gate electrodes 32¢ and 32d. Source/drain diffusion
arcas 41c and 41d are formed between gate electrodes 32d
and 32a. A source/drain diffusion area 41¢ 1s formed between
gate electrodes 32a and 32b. The upper layer 1s the same
structure as the fourth embodiment of the first embodiment.

The third embodiment brings the same efiect as the first
embodiment.

il
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Fourth Embodiment

The fourth embodiment difters tfrom the first embodiment
in arrangement of the unit basic structure 345.

FIG. 16 shows a top plan view of part of a memory cell
array according to a second embodiment. As shown 1n FIG.
16, the structure of each feature in the unit basic structure 3456
remains the same but the positional relationship between
source/drain diffusion area 41 and gate electrode 32 differs
from the first embodiment. In other words, position of source/
drain diffusion areas 41a to 411 of the unit basic structure 345
are shifted to inter-gate electrode area, which 1s area between
gate electrodes 32, for three inter-gate electrode area from the
first embodiment to the leit or one inter-gate electrode area
from the first embodiment to the right.

Specifically, source/drain diffusion areas 41/ and 41a are
formed between gate electrodes 32¢ and 32d. A source/drain
diffusion area 415 1s formed between gate electrodes 324 and
32a. Source/drain diffusion areas 41¢ and 41d are formed
between gate electrodes 32q and 32b6. A source/drain diffu-
s1on area 41e 1s formed between gate electrodes 325 and 32c¢.

Plugs 43a, 42b, 43¢, 43d, 42¢ and 43f, magnetoresistance
clfect elements 3a to 3/, projected parts 12q, 115, 12¢, 124,
11e and 12/ of interconnects 11, 12 are formed above source/
drain diffusion areas 41la to 41f, respectively, like the first
embodiment. The unit basic structure 34q 1s the same as the

first embodiment.

The fourth embodiment brings the same effect as the first
embodiment.

Fifth Embodiment

The first embodiment includes one interconnect 11 for one
interconnect 12. On the contrary, the fifth embodiment
includes two interconnects 11 for one interconnect 12.

FIG. 17 shows a circuit diagram of a magnetic memory
device according to a fifth embodiment. As seen from FIG.
17, a memory cell 1 has one terminal connected to an inter-
connect 12 and the other terminal connected to one of two
interconnects 11. One interconnect 12 and two interconnects
11 connected to the interconnect 12 via the memory cell 1
form an mterconnect group.

The interconnect 11 1s shared between two interconnect

groups. Other circuit configuration 1s the same as the first
embodiment.

-

T'he structure of the magnetic memory device according to
the fifth embodiment will be described below with reference
to FI1G. 18 and FIG. 19. FIG. 18 shows a top plan view of part
of a memory cell array according to the fifth embodiment.
FIG. 19 shows a perspective view of the memory cell array
according to the fifth embodiment.

As depicted in FIG. 18 and FIG. 19, the fifth embodiment
1s the same as the first embodiment (see FI1G. 4 and FIG. 5)
except for the structure of the interconnect 11. The intercon-
nect 11 lies above a region between the source/drain diffusion
areas 41/ and 41a and a region between the source/drain
diffusion areas 41¢ and 41d. The iterconnect 11 has pro-
jected parts 115 and 11e above plugs 425 and 42¢, like the first

embodiment. The projected parts 115 and 11e are respec-
tively connected to the upper surfaces of plugs 426 and 42e.

The fifth embodiment can achieve wide pitch between two
adjacent interconnects 11 and between two adjacent intercon-
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nects 12 to readily arrange pass transistors and realize high
integration of the magnetic memory device at the same time.

Sixth Embodiment

The sixth embodiment relates to an arrangement of pass
transistors and 1s additionally used for the first to fifth
embodiments.

FI1G. 20 and F1G. 21 show the layout of a magnetic memory
device according to a sixth embodiment. FIG. 20 shows appli-
cation of the sixth embodiment to the memory cell array
structure of the first embodiment. FIG. 21 shows application
of the sixth embodiment to the memory cell array structure of

the fifth embodiment.

As illustrated 1n FI1G. 20 and FI1G. 21, memory cell array 2,
row decoder 18, column decoder 21, current source/sink 22
and readout circuit are arranged on a semiconductor substrate

31.

Interconnects 11 and 12 extend along the horizontal direc-
tion on the plane of the semiconductor substrate 31. Pass
transistors 14 and 16 are connected to the same side (right side
in the drawings) of interconnects 11 and 12. The row decoder
18 1s arranged at the lower side of the memory cell array 2.
The column decoder 21 1s arranged at the right side of a pair
ol pass transistors 14 and 16.

Common lines 15 and 17 extend along the vertical direc-
tion on the surface of the semiconductor substrate 31. Current
source/sink 22 and readout circuit 23 are respectively
arranged at upper and lower ends of common lines 15 and 17.

The layout shown in FIG. 22 and FIG. 23 may be
employed. FIG. 22 and FIG. 23 show the layout of another
magnetic memory device according to the sixth embodiment.
FIG. 22 and FIG. 23 correspond respectively to each structure
of the memory cell arrays according to the first and fifth
embodiments, respectively.

As seen from FIG. 22 and FIG. 23, the pass transistor 14 1s

cach connected to the interconnect 11 at one side (e.g., right
side) of right and left sides of the memory cell array. On the
other hand, the pass transistor 16 1s each connected to the
interconnect 11 at the other side (e.g., left side) of right and
left sides of the memory cell array. In accordance with the
arrangement of the pass transistors 14 and 16, the common
line 15 1s arranged at the right side of the memory cell array
while the common line 17 1s arranged at the left side thereof.

One current source/sink 22 1s provided for each of common
lines 15 and 17 and the current source/sink 22 each has one
system unlike FI1G. 3. Specifically, one current source/sink 24
1s provided within one current source/sink 22.

The structure shown 1n FIG. 22 and FIG. 23 can realize
constant length of paths between source/sink 22 and source/
sink 24 via the mterconnect 11, memory cell 1 and intercon-
nect 12, regardless of the position of the memory cell 1. This
property can stabilize the characteristics among memory cells
1 and realize a magnetic memory device with a large opera-
tion margin.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention 1n 1its
broader aspects 1s not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general mventive
concept as defined by the appended claims and their equiva-
lents.
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What 1s claimed 1s:

1. A spin injection write type magnetic memory device

comprising;

a semiconductor substrate;

a first gate electrode provided on a gate insulating film
provided on the semiconductor substrate, and extending
along a first direction;

a first diffusion area and a second diffusion area formed on
a surface of the semiconductor substrate and sandwich-
ing the first gate electrode;

a first plug provided on the first diffusion area;

a second plug provided on the second diffusion area;

a {irst magnetoresistance element provided on the second
plug;

a second gate electrode provided on a gate insulating {ilm
provided on the semiconductor substrate, and extending
in parallel with the first gate electrode;

a third diffusion area and a fourth diffusion area formed on
the surface of the semiconductor substrate and sand-
wiching the second gate electrode, the first and second
gate electrodes sandwiching the second and fourth dii-
fusion areas, the fourth diffusion area and the second
diffusion area being positioned 1n a line along the first
direction;

a third plug provided on the third diffusion area;

a Tfourth plug provided on the fourth diffusion area;

a second magnetoresistance effect element provided on the
fourth plug;

a first interconnect connected to upper surfaces of the first
and third plugs; and

a second 1nterconnect connected to upper surfaces of the
first and second magnetoresistance effect elements.

2. The device according to claim 1, wherein

the first interconnect has a first straight part, a first part
projecting from the first straight part above the first plug,
and a second part projecting from the first straight part
above the third plug, and

the second interconnect has a second straight part, a third
part projecting from the second straight part above the
second plug, and a fourth part projecting from the sec-
ond straight part above the fourth plug.

3. The device according to claim 2, wherein the first
straight part extends along the second straight part below or
above the second straight part.

4. The device according to claim 2, wherein

the first to fourth diffusion areas, the first to fourth plugs,
the first and second magnetoresistance effect elements,
the first and second 1nterconnects form a first unit struc-
ture,

the device further comprises a second unit structure 1den-
tical to the first unit structure,

the first and second unit structures are adjacent along the
first direction.

5. The device according to claim 4, wherein the first and
second unit structures are 1 symmetry with respect to an
imaginary line along a second direction perpendicular to the
first direction.

6. The device according to claim 1, wherein

the first interconnect lies above the second interconnect,

the second interconnect has a line including a first part
extending above the second and fourth plugs, a second
part extending along a second direction crossing the first
direction from a region above the second plug to an
opposite region to the first plug, and a third part extend-
ing along the second direction from a region above the
fourth plug to an opposite region to the third plug.
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7. The device according to claim 6, wherein

the first interconnect has a line including a fourth part
extending above the second and fourth plugs, a fifth part
extending above the first and second plugs, and a sixth
part extending above the third and fourth plugs.

8. The device according to claim 7, wherein

the first to fourth diffusion areas, the first to fourth plugs,
the first and second magnetoresistance effect elements,
the first and second interconnects form a first unit struc-
ture,

the device further comprises a second unit structure 1den-
tical to the first unit structure,

the first and second unit structures are adjacent along the
first direction.

9. The device according to claim 8, wherein the first and
second unit structures are 1 symmetry with respect to an
imaginary line along the second direction.

10. The device according to claim 1, further comprising:

a third gate electrode provided on a gate insulating film
provided on the semiconductor substrate, and extending
in parallel with the first gate electrode, the first and third
gate electrodes sandwiching the first plug;

a fifth diffusion area formed on the surface of the semicon-
ductor substrate, the first and fifth diffusion areas sand-
wiching the third gate electrode;

a fifth plug provided on the fifth diffusion area;

a third magnetoresistance etfect element provided on the
fifth plug, an upper surface of the third magnetoresis-
tance effect element being connected to the second inter-
connect,

a fourth gate electrode provided on a gate isulating film
provided on the semiconductor substrate, and extending
in parallel with the second gate electrode, the second and
fourth gate electrodes sandwiching the third plug;

a sixth diffusion area formed on the surface of the semi-
conductor substrate, the third and sixth diffusion areas
sandwiching the fourth gate electrode;

a sixth plug provided on the sixth diffusion area; and

a fourth magnetoresistance etfect element provided on the
sixth plug, an upper surtace of the fourth magnetoresis-
tance effect element being connected to the second inter-
connect.
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11. The device according to claim 10, wherein

the first interconnect has a first straight part, a first part
projecting from the first straight part above the first plug,
and a second part projecting from the first straight part
above the third plug, and

the second interconnect has a second straight part, a third
part projecting from the second straight part above the
second plug, a fourth part projecting from the second

straight part above the fourth plug, a fifth part projecting,
from the second straight part above the fifth plug, and a
sixth part projecting from the second straight part above
the sixth plug.

12. The device according to claim 10, wherein the first
straight part extends along the second straight part below or
above the second straight part.

13. The device according to claim 10, wherein

the first to sixth diffusion areas, the first to sixth plugs, the
first to fourth magnetoresistance effect elements, the
first and second interconnects form a first unit structure,

the device further comprises a second unit structure 1den-
tical to the first unit structure,

the first and second unit structures are adjacent along the
first direction.

14. The device according to claim 13, wherein the first and
second unit structures are 1 symmetry with respect to an
imaginary line along a second direction perpendicular to the
first direction.

15. The device according to claim 10, wherein

the first interconnect has a first straight part, a first part
projecting from the first straight part above the first plug,
and a second part projecting from the first straight part
above the third plug, and

the second 1nterconnect has a second straight part extend-
ing along a imaginary line connecting the second and
fifth plugs above the second and fifth plugs, a third part
projecting from the second straight part above the fourth
plug, and a fourth part projecting from the second
straight part above the sixth plug.
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